
e 
? .. t . 

A STUDY OF THE PHOTODEGRADATION OF SELECTED 

~ F X M A L C O N T R O L  SURFACES __ - -- -- 

, 

By George F. Pezdirtz and Robert A. Jewel1 [ !7L-  $$ .? 
ley Research - Center., =A, LaIw 

Langley Station, H e m p t o w  Va. 
- ---A 

d - 
/- --- j cl; 

'For Presentation at the Sif&kSympo&+m-on Thermal Radiation of Solids 

i 

San Francisco, 
May@ 4-6, 1964 



A STUDY OF THE PHOTODEGRADATION OF SELECTED 

THERMALCONTROL SURFACES 
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ABSTRACT 

The results of t h e  Langley pa r t i c ipa t ion  i n  the OS0 I1 Round Robin on 
"Ultraviolet  S t a b i l i t y  of Thermal-Control Coatings" a r e  presented as wel l  as 
some recent s tud ie s  of t h e  u l t r a v i o l e t  s t a b i l i t y  of a chemical conversion coating 
(Alodine 401). A preliminary study of the  e f f e c t s  of gamma rad ia t ion  from 
Cobalt-60 on s o l a r  absorptance as of several  se lec ted  white paint-type coatings 
has shown t h a t  the high-energy rad ia t ion  (e lec t rons  and protons) i n  space can be 
expected t o  increase as 
from t h e  sun. 

but  a t  a slower r a t e  than the  u l t r a v i o l e t  rad ia t ion  

A07 f/6e 

INTRODUZ: T I  ON 

The highly special ized and diverse  nature of space vehic les  has g rea t ly  
influenced t h e  development and t e s t i n g  o f  thermal-control coatings.  
these  coatings have been developed and t e s t ed  on a r e l a t i v e l y  l i m i t e d  basis 
using custom formulated coatings and individual ly  developed environmental simu- 
l a t i o n  systems. 
ous l abora to r i e s  representing several  government agencies, industry,  and research 
i n s t i t u t e s ,  a round robin on t h e  u l t r av io l e t  s t a b i l i t y  of thermal-control 
coat ings w a s  es tab l i shed .  This round robin, administered by Carr Neel of NASA 
Ames Research Center, included laboratory t e s t i n g  of  severa l  coatings i d e n t i c a l  
t o  those t o  be flown on t h e  Orbiting Solar Observatory I1 (S-17) experiment 
during t h e  f a l l  of 1963. The details  of the f l i g h t  results from a related 
thermal-control experiment (OS0 I) have been reported by Neel (refs. 1 and 2 ) .  
The results of NASA Langley pa r t i c ipa t ion  i n  t h i s  round robin on "Ul t rav io le t  
S t a b i l i t y  of Thermal-Control Coatings" a r e  discussed i n  t h i s  report  as w e l l  as 
some recent  r e s u l t s  on t h e  u l t r a v i o l e t  s t a b i l i t y  of an amorphous aluminum and 
chrominum phosphate chemical conversion coating (Alodine 401), which w a s  asso- 
c i a t e d  with t h e  Echo (A-12) program. 

I n  general, ' 
~ ' I n  an attempt t o  i n t e r r e l a t e  t he  environmental t e s t i n g  of var i -  

1 
1 

In  add i t ion  t o  u l t r a v i o l e t  radiat ion,  the high-energy ionizing rad ia t ion  
i n  space may a l s o  a l te r  the  o p t i c a l  propert ies  of thermal-control surfaces.  
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However, the l i t e r a t u r e  i s  meager on t h i s  l a t te r  aspect of environmental t e s t i n g  
of thermal-control coatings.  
t i o n  on opt ica l  propert ies  of spacecraft  mater ia ls  have been l imited t o  s o l a r  
c e l l s  and so lar -ce l l  covers. 
i z i n g  radiat ion on several  paint-type coatings w a s  car r ied  out t o  explore the 
seriousness of t h i s  f a c t o r .  Several organic and inorganic white pa in ts  asso- 
c ia ted  with the  NASA Ames thermal control  experiment on OS0 I and OS0 I1 were 
sealed under vacuum i n  Pyrex tubes and exposed t o  t h e  gamma rays from a Cobalt-60 
source. The f lux  of gamma rays i n  space i s  qui te  low; however, the damage from 
gamma rays a r e  s i m i l a r  t o  the  damage from electrons and protons and o f f e r  a con- 
venient means of simulating the  e f f e c t s  r a t h e r  than t h e  environment of t h e  elec- 
t rons  and protons i n  space. 

Most s tud ies  on t h e  e f f e c t  of high-energy radia- 

A b r i e f  study of the  e f f e c t s  of high-energy ion- 

ULTRAVIOLGT STABILITY 

Thermal-Control Coatings 

The coatings used i n  t h e  u l t r a v i o l e t  degradation study and t h e i r  sources 
are l i s t e d  i n  tab le  I. 

Coating 

TABU3 I 

Source 

Pigment Vehicle 

Titanium dioxide EpoxYa. r e s i n  

Antimony oxide Potassium s i l i c a t e  

Zinc oxide Potassium s i l i c a t e  

Titanium dioxide Si l icone r e s i n  

Chromium and aluminum phosphatesb 

Lockheed Missiles R Space Co. 

Hughes A i r c r a f t  C 0 .  

I I T  Research I n s t i t u t e  (formally 
Armour Research Foundation) 

I I T  Research I n s t i t u t e  (formally 
Armour Research F'oundation) 

G.T. Schjeldahl Co. 

&Skyspar (A-423). 
bAlodine 401- 45. 

The f i r s t  t w o  coatings, based on t i t an ium dioxide-epoxy and antimony oxide- 
potassium s i l i c a t e ,  are known t o  degrade under u l t r a v i o l e t  rad ia t ion  as a result 
of an unstable vehicle and pigment, respect ively.  
zinc oxide-potassium s i l i c a t e  and t i tanium dioxide- s i l i cone ,  represent s t a b l e  
white coatings. 

me t h i r d  and fourth coatings, 

These four  paint-type coat ings w e r e  supplied on aluminum t e s t  
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disks  from the  Ul t rav io le t  S t a b i l i t y  Round Robin. 
a chemical conversion type of surface i n  which t h e  aluminum substrate cont r ibu tes  
s ign i f i can t ly  t o  the  so l a r  absorptance of the system. These Alodine coatings 
were received as the  outer  surface of t he  0.75-mil Echo (A-12) laminate and were 
mounted on test  d i sks  by means of G.T. 301 polyester  adhesive. 

The f i f t h  coating represents  

EXPERIMENTAL 

Determination of Solar Absorptance 

Changes i n  t h e  o p t i c a l  p roper t ies  of thermal-control surfaces a r e  a prime 
c r i t e r i a  f o r  determining t h e i r  s t a b i l i t y  t o  the  space environment. The so la r  
absorptance as 
v i o l e t  s t a b i l i t y  of thermal-control surfaces, s ince  it i s  t h i s  property which i s  
usua l ly  most s ens i t i ve  t o  u l t r a v i o l e t  e f f ec t s .  The solar absorptance values  
reported i n  t h i s  paper were determined from measurements of spec t r a l  re f lec tances  
of the  tes t  surfaces  over t h e  wavelength range, 0.2 t o  2 .1  microns. 
Spectrophotometer equipped w i t h  a barium sulfate-coated in tegra t ing  sphere 
attachment (ref.  3 )  w a s  used f o r  these measurements. Solar  absorptance w a s  cal-  
culated by summing the  average ref lectances (between 0.2 and 2.1microns)  i n  the 
wavelength increments corresponding t o  1 percent of the  t o t a l  of the so la r  energy 
using t h e  spec t r a l  d i s t r i b u t i o n  reported by Johnson ( r e f .  4) .  
ref lectance w a s  then subtracted from uni ty  t o  y i e ld  t h e  so l a r  absorptance 

i s  t h e  o p t i c a l  property of most concern i n  studying the  u l t r a -  

A Cary 14 

This weighted 
as. 

Ultraviolet-Vacuum Environmental System 

The ultraviolet-vacuum environmental system used i n  these tests is  shown 
schematically i n  f igu re  1. 
glycol-water-cooled specimen holder which can accommodate up t o  e ight  specimens 
f o r  simultaneous i r r ad ia t ion .  
r e f r ige ra t ed  r ec i r cu la t ing  bath.  The temperatures of the  t es t  specimens were 
monitored pe r iod ica l ly  throughout t h e  t e s t s  with copper-constantan thermocouples 
mounted i n  t h e  metal subs t ra tes  of each coating.* 
between d i f f e r e n t  samples i n  the same t e s t  were noted and are probably due t o  
d i f fe rences  i n  sample proper t ies  and thermal contact of t he  t e s t  d isks  w i t h  t h e  
cooling p l a t e .  The vacuum chamber w a s  mounted t o  a 1,200 l i t e r / s e c  Ultek i o n  
pump. 
1 X t o r r  before  u l t r a v i o l e t  i r r ad ia t ion  w a s  i n i t i a t e d .  Chamber pressure 

w a s  monitored throughout the  tes t  and maintained i n  the  range of 1 X 

6 x 10-7 t o r r .  

The s t a in l e s s - s t ee l  f ron t  p l a t e  i s  i n t e g r a l  w i t h  the  

The coolant was maintained a t  0' C w i t h  a 

Some temperature va r i a t ions  

The vacuum system w a s  allowed t o  reach an equilibrium pressure of 

t o  

%e subs t r a t e s  f o r  t h e  t i tanium dioxide-epoxy coating were too  t h i n  t o  
permit thermocouple mounting. Sample temperatures were assumed t o  be comparable 
t o  t h e  average of t h e  monitored samples. 
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High-pressure mercury a r c  lamps (G.E. BH-6) were used as t h e  source of 
u l t r a v i o l e t  radiat ion i n  these s tudies .  
on t h e  f a c t  t h a t  t h e  spectrum of t h e  BH-6 lamp i s  not completely s i m i l a r  t o  t h e  
s o l a r  spectrum. Figure 2 shows t h e  r a t i o  of t h e  lamp i n t e n s i t y  (at  dis tance of 
25 cm) t o  s o l a r  in tens i ty  (at  1 A.U.)  f o r  d i f f e r e n t  wavelengths i n  the  0.22- t o  
0.40-micron region. 
range i s  approximately 3 t i m e s  t h e  s o l a r  in tens i ty .  This figure i s  based on the  
geometry of t h i s  system and the manufacturer's data  f o r  BH-6 lamps ( ref .  6) .  
During use and aging BH-6 lamps of ten  form an uneven milky f i lm on the  surface 
of t h e  quartz capi l la ry .  The decay i n  the  i n t e n s i t y  with use i s  not equal f o r  
a l l  wavelengths (ref.  5 ) .  
i n t e n s i t y  nonuniformities a r i s i n g  from inhomogeneities i n  t h e  quartz envelope 
and the  uneven f i lm buildup. The r e l a t i v e  i n t e n s i t i e s  of t h e  BH-6 lamps were 
monitored during each run with a Westinghouse SM-200 u l t r a v i o l e t  photometer. 
The individual lamps were selected and changed as necessary so as t o  maintain 
r e l a t i v e  i n t e n s i t i e s  within 15 percent of  a nominal i n t e n s i t y  of 3 t i m e s  s o l a r  
in tens i ty .  

Car ro l l  (ref.  5) has previously reported 

The cumulative average lamp i n t e n s i t y  for t h i s  wavelength 

The lamps w e r e  rotated about t h e i r  axes t o  reduce 

EFFECT OF ULTRAVIOLET W I A T I O N  

The r e s u l t s  of the  u l t r a v i o l e t  s t a b i l i t y  tes ts  on t h e  s p e c t r a l  absorptance 
a), are shown i n  f igures  3 through 7. These measurements of ah were made 
within 4 hours a f t e r  the  samples were removed from t h e  ultraviolet-vacuum cham- 
ber.  The so lar  a.bsorptances of t h e  i r r a d i a t e d  coatings were a l s o  detemined 
per iodical ly  during the subsequent 3 months of exposure t o  air .  The s t a b l e  
coatings, ZnO-Potassium S i l i c a t e  and Ti02-Silicone r e s i n  showed l i t t l e  s i g n i f i -  
cant change i n  a, with a i r  aging after t h e  u l t r a v i o l e t  test .  I n  the  cases of 
t h e  unstable coatings, Sb203-Potassium S i l i c a t e  and Ti02-Epoxy resin,  a bleaching 
ac t ion  w a s  noted during air  aging. This decrease i n  as (bleaching) after 
exposure t o  air  w a s  g r e a t e r  f o r  t h e  i r r a d i a t e d  Ti02-Epoxy than for t h e  compa- 
rab le  Sb203-Potassium S i l i c a t e .  

A comparison of f igures  3 and 4 i l l u s t r a t e s  t h e  U.V. e f f e c t s  on a s t a b l e  
pigment (Ti02) i n  s tab le  s i l i cone  and unstable epoxy vehicles .  The converse i s  
shown by comparing f igures  5 and 6 which i l l u s t r a t e  t h e  U.V. e f f e c t  on a s t a b l e  
potassium s i l i c a t e  vehicle  which contains  unstable antimony oxide pigment i n  one 
case and s table  zinc oxide pigment i n  t h e  other.  The e f f e c t  of u l t r a v i o l e t  
rad ia t ion  on 
i s  shown i n  f igure  7. 
and is  ye t  t o  be adequately explained. It may be due t o  photochemical react ions 
with some entrapped w a t e r  which would be less v o l a t i l e  at t h e  lower temperature. 
The r a t i o  us/€ f o r  t h e  Alodine samples i r r a d i a t e d  at  Oo C w a s  found t o  decrease 
with i r r a d i a t i o n  t i m e  as a r e s u l t  of an increase i n  thermal emittance E which 
more than compensated f o r  t h e  increase i n  
t h e  r a t i o  of s o l a r  absorptance after exposure t o  u l t r a v i o l e t  rad ia t ion  t o  the  

ah f o r  Alodine 401 i r r a d i a t e d  at d i f f e r e n t  temperatures (ref. 7) 
f o r  t h e  t e s t  a t  Oo C w a s  unexpected The increase i n  as 

as. A comparison of the  changes i n  
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i n i t i a l  s o l a r  absorptance aS~aso 

The spec i f ic  changes i n  as/aso 

ness and specimen temperature during individual tes ts  are shown i n  f igures  9 
t o  13. The individual  coating thickness and specimen temperatures f o r  each 
specimen are shown d i r e c t l y  above the  respective poin ts  on the  p l o t  of as a 
versus u l t r a v i o l e t  exposure time. 
t o  represent useful  l i fe t imes  f o r  s a t e l l i t e s  but do provide an indicat ion of 
r e l a t i v e  coating s t a b i l i t y  within reasonable l i m i t s  of laboratory t e s t i n g .  
Several deviations from a smooth curve relat ionship were noted i n  f igures  9 
through 13 and are a t t r i b u t e d  i n  la rge  par t  t o  v a r i a t i o n  i n  coating thickness 
and specimen temperature during exposure. Coating thicknesses of the four  pa in ts  
were measured w i t h  a Dermitron, Model 2 Eddy Current Thickness Tester and checked 
with micrometer measurements a f t e r  a l l  U.V. t e s t i n g  and ref lectance measurements 
were completed. Several  of the  tes t  specimens showed differences i n  thickness 
which resulted i n  d i f f e r e n t  i n i t i a l  values of as and may be p a r t i a l l y  respon- 
s ible  f o r  somewhat e r r a t i c  r e s u l t s  after u l t r a v i o l e t  exposure. The v a r i a t i o n  
i n  i n i t i a l  as as a function of thickness f o r  t h e  four  pa in ts  i s  i l l u s t r a t e d  
i n  f igure  14. 
curves shown; generally,  t h e  u l t r a v i o l e t  s t a b i l i t y  of these specimens a l s o  devi- 
a ted  from t h a t  of t h e i r  companion specimens. 

f o r  t h e  f i v e  coatings i s  shown i n  f i g u r e  8. 
f o r  each coating as wel l  as  the  coating thick- 

I so 
The accelerated exposures a r e  not intended 

A few specimens showed considerable deviation from the smooth 

I 

EFFECT OF GAMMA RADIATION 

The high-energy ionizing rad ia t ion  s t a b i l i t y  of thermal control  surfaces 
has been l i t t l e  studied compared t o  t he i r  u l t r a v i o l e t  s t a b i l i t y  although the  
coloring of glasses,  p l a s t i c  film, and a l k a l i  hal ides  upon exposure t o  high- 
energy ionizing rad ia t ion  a r e  well-known phenomena. 
conducted t o  determine t h e  extent of change i n  
gamma radiat ion.  
means of simulating the  e f f e c t s  r a t h e r  than the  environment (e lectrons and pro- 
tons)  of space. 
OS0 I and OS0 I1 thermal control  experiments and were supplied by Carr Nee1 
(NASA Ames). 

A b r i e f  s e r i e s  of tes ts  w a s  
a, produced by high-energy 

I 
Gamma rad ia t ion  from a Cobalt-60 source o f f e r s  a. convenient 

The mater ia ls  used i n  these t e s t s  were coatings associated w i t h  

I 
I 
I The coat ing specimens were placed i n  Pyrex tubes and outgassed f o r  a mini- 

mum of 12 hours a t  5 x t o r r .  After outgassing, t h e  tubes were sealed under 
vacuum and i r r a d i a t e d  w i t h  gamma r a y s  from a Cobalt-60 source (Gamma-220 C e l l )  
( ref.  8) a t  a dose rate of 1.6 Megarad/hour. 
Gamma-220 C e l l  w a s  47' C .  
lowing i r r a d i a t i o n ,  t h e  Pyrex tubes were opened under argon. 

The ambient temperature i n  t h e  
No attempt w a s  made t o  cool t h e  t e s t  specimens. Fol- 

The ref lectance of 
irrtl&iaie6 coa.i;ing was &iermirie& - -2 . I -L2-  -l l - - - - - -  -s.c-- -- 

W I b l l L l l  I IIULU a l b c l  "pClLl1~ of its F p e x  
I tube. 

The results are summarized i n  Table 11. In  a l l  cases t h e  so la r  absorptance ' 
~ 

increased upon exposure t o  t h e  1.33 and 1.17 MEV gama rays from the  Cobalt-60 
source. A d i r e c t  comparison of t h e  e f f e c t s  of gamma and u l t r a v i o l e t  radiat ions 
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on the  solar absorptance i s  not p r a c t i c a l  a t  t h i s  time since t h e  specimens used 
were not i den t i ca l  and t h e  equivalent energies absorbed a r e  not well-resolved. 
A r e l a t i v e  comparison'can be made based on the  approximate equivalent exposure 
i n  space. 
face  dose a t  t he  end of 12 weeks i n  t h e  inner  Van Allen b e l t  (ref.  9) and a dose 
of 385 Megarad approximates 57 weeks exposure. 
u l t r a v i o l e t  e f f ec t s  at 2 weeks equivalent sun exposure of U.V. with an exposure 
of 12 weeks equivalent inner  b e l t  absorbed dose of high-energy ionizing (gamma) 
radiat ion,  t he  Titanium Dioxide-Epoxy and the  Antimony Oxide-Potassium S i l i c a t e  
coatings were found t o  be more suscept ible  t o  damage from u l t r a v i o l e t  rad ia t ion  
than from gamma radiat ion.  

A ganrma dose of 77 Megarad (7.7 x lo9 ergs/g(C)) approximates t h e  sur- 

In  a r e l a t i v e  comparison of 

A s  a f i r s t  approximation t h e  same does not hold t r u e  f o r  t he  Ti02-Silicone 
coat ing which underwent a change i n  equal t o  or grea te r  than t h a t  obtained 
by extrapolat ion of t h e  change i n  us due t o  u l t r a v i o l e t  rad ia t ion .  While the  

gamma rad ia t ion  has a higher energy and i s  more penet ra t ing  than the  u l t r a v i o l e t  
radiat ion,  it i s  not s e l ec t ive ly  absorbed as i s  t h e  U.V. The se l ec t ive  absorp- 
t i o n  of the  u l t r a v i o l e t  makes t h i s  source of r ad ia t ion  much more e f f ec t ive  i n  
causing change i n  as. 

us 

EFFMlT OF GAMMA RADIATION ON T"L CONTROL COATINGS 

TABLE: I1 

Coating I Solar  absorptance, as 

Pigment 

Zinc oxide 
Zinc oxide 
Zinc oxide 
Zinc sulfide 
Ti02 
Ti02 
Ti02 
Zircon 
Zirconium s i l i c a t e  
Lithium aluminum s i l i c a t e  
Antimony oxide 

t7 Vehicle 

Si l icone p lus  c a t a l y s t  
S i l icone  r e s i n  
Potassium s i l i c a t e  
Si l icone r e s i n  
S i l icone  f i l m  
Si l icone r e s i n  
Epoxy r e s i n  
Potassium s i l i c a t e  
Potassium s i l i c a t e  
Sodium s i l i c a t e  
Potassium s i l i c a t e  

0.17 
-19 
.14 
.20 
.l2 
25 

.20 

09 
.06 
=og 
.26 

Dose, MRAD 

77 

0.21 
.22 
.18 
23 

.24 
' 37 
.42 

15 - 13 
35 

.36 

0 

0.17 
.20 
.14 
.20 
13 

.25 

.20 

* 09 
* 07 
.10 
25 

385 

0.21 
.23 
.18 
9 23 
.23 
43 

.47 
15 
15 
36 
52 
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C ONC LUSI ONS 

The environmental testing of thermal control coatings is complicated by 
such variables as coating thickness and sample temperature during testing, both 
of which may significantly influence the degree of change in during expo- 
sure to ultraviolet radiation. The influence of sample temperature is particu- 
larly significant in accelerated testing where the higher intensities can pro- 
duce increased temperatures unless specifically compensated for 'by effective 
cooling. 

as 

Gamma radiation, used to simulate the effects of electrons and protons, 
generally changes as 
on the basis of equivalent time exposures in space. 
given to additional studies of the effects of high-energy ionizing radiation on 
thermal-control coatings. These effects should be taken into account in the 
analysis of the results from thermal-control experiments aboard spacecraft, as 
well as in spacecraft design for long-term missions. 

less than ultraviolet radiation when a comparison is made 
More attention should be 
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